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LONG DISTANCLS VEASUREEENT ELECTRONIC SYSTEN
P, Hiril, V1. Krajidek, M. Pfeifer

Facultiy of Nuclear Science and Fhysical Engincering

Prague, Cocchoslovakia

If éistances up to 5.10° Im are to be measured with accu-
recy better then 15 em there 1s necessery to use a clock vwith
short term stability better then 3.10"1C« Thig claim could be
satisfied by & good crystal oscillator.

Our electronic device allows the bind to the absclute time
/UTC/ vetter then 1 us, the accuracy of messured time intervals
<1l ns with resolution % 0,23 n=s.

Measured data represent the instants of start - stop pulses;
start pulsc Yrom the laser and stop pulses from returns.
Keasured data gre fed in o computer,or other installecd hardware,
to compute the time intervals.

The 5 MHz signal from the crystal oscillator iz translated
to 10 HHz square wave and counted by a synchronocus counter.
Date from the counter are fed in a shift register at the noments
of start sznd stop pulses. After coming the stated serles of
~pulses, one start pulse and three stop pulses, the data from
the register, including the data from time expanders, are fed
in the computer. Because ot least two cut of three stop pulses
ere supposed te. be noise pulses the computer program must be
able to reccgnize the right returns.

The transcription of measured data from the register is
controled by a device programsble from a keybord, computer
or punched paper tepe/Fig.6./. The date trascription can be
made to an indivicual hardware device /mapretic tape recorder,
paper tepe puncher, printer or computer/ or to some of them
simultaneously. Numerical display used for optical checking
of applied program or of measured dats makes the part of
this device.

The basic .period. of the clock pulses is 200 ne. This
interval is divided by time expanders up toe 0,1 ne.

The expander 1s stretching the intervals between etart or
stop pulses and the next in time clock pulses/Figelef Ag to dimi-
nish difficulties with mechanical constructicn there ie used
special system of automatic calibraticn. This is very useful
because there is no need in using thermal stebilization of
expanders, vwhich is used for examle in the counter Hewlett -

R P TE : ’
operation of expanders. Tn the first cyele of operstion sae

from the expanders is started by a start for stop/ pulse and
setopped by the second next in time cloeck pulse. The aphﬁﬁved
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value stretched in the expander is counted up by an up - down
counter. In the saconc cycle of operation instead of start

/ or etop/ pulse there is fed in s cloeck pulsz through the
start / stop / signal path and the expander is ctoried erd
stepped by tve neichhour clock puloes. The interval measuread
must be 200 no and its utretched value ig counted down by

tlhe sama up - down counter. Because all gignales are going
through the zame signal path the resultant preccision is
quite high. The operation of an expznisr ic chown on Fig.2.

The expander is started at the moment t and stopped by

* the second next clock pulse at the moment
ty + d
where ¢ is delmy of the stop pulse coming through different
way. The stretchied interval in the first cycle of operation
ie then k (ty- t+a)zuwN, T,

wvhere Ny ie the number of clock pulses inside the stretceled
interval
T, is the period of clock pulses.
The interval tH -~ t + d is chosen greater than Tge

Tne second cycle is started after the end of interval FyT
This time the expander is started by a-clock pulse at the mo-
ment. - _ - * HLH Pl )

ty + W Tg
ant stopped at the moment
tH-I-d'I*{Ni-l)TQ
vhere X > N,.
This second Intervel is stretchec by the sawmue nay z2s in the
first cycle of ogperation.

By the assumption the interval between both cyeleis i® short
encugh to hold the same conditions for expander function that
nmeans

k = const, d = const,
the stretched interval in the scoond cycle of operation is
k {ty+ (W 1) Ty +d- (ty+ X1y = k (Tg + d) = Ny T
The difference of both stretched intervals is

T R E T R L O s SR -0 S . SRR B 8 (MR SR, (I

Lo Thet mepne A

ofdelays. The d
COURLer.,

mode et oherat

de of cperstion eliminates:the dnflusnce::
ifferenes Ny - O

In this mode of operation there is necessary to control
only one cf parametere, the parameter X, by means of a special
feedbaclk clreult. The number of exrpanders is chosen for one

&)



greater then needed in voth groups of pulses and all the time
one of eacn proup i calivreted alternstively. In the time
thic expander 1z celivbrated It is started by o cloek pulee

in tke firet cycle of operation too as in the second cycle.
Thew 1t ls stopped after two periods of c¢lock pulses by means
of the path vwith delay d. The stretched interval will have
the lenpth

Ny T, = k (2T, + d).

1l ‘o e
The second cycle of operation is the same as above. lts
stretcehed length will be
+ d).

Ny T = k (T

O o}

The difference of both expessions
!
(¥y - Fp) To = k T,
thalt means Hi - Mo is the zctusl value of the parameter k.
If there ie no agreement between the actual value and requi-

red value of k the fredback calibration is led in zection and
sone ¢of parametrs of the expander are changed to get

Ny - Ny = k.

The bleock diagram of the whole device is ¢n Fig.3. The block
diagrams of start and stop pulses are on Fir.4. resp. Fig.5.
The selected value of the parameler k is

k = 1000 .

The time intervel resclution of the system is 0,1 ns,
with jitter of expanders % 0,3 ns and accuracy of time
interval < 1 ns.
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A Schematic of the Australian Lunor Ronger

P. lforgan
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INTLRKOSHOS SATELLITL FOR LASER RANGING,

— . +
i‘&‘f{:l Lff“]f;iiu /o

ABSTRACT
ta of the INTERKCSKOS satellite AUOS-2

st K sstellite ensbles laser ranging, sre presented,

a , that as
the fir
The satellite orbital data, the description of ihe o rner
cubes panel, the brier explanstion of the technical soluticn
as well as the preliminsry satellite technical parameters are
summarized. The paremeters depending on the fi.sl technical
realization /like +he transfer function/ are onitied and will
e supplied in the report that is prepared for COSPAR Plenary
Meeting 1976,

T R e s gt o o

.l»-/
Ing. Pavel HAVARA

Azlronomicnl ingtitute
Czechoslovak Ac, of Sclences,

251 65 CHNEREJOV,
Ondre jov Cbucivatory,

Czechoslovukin,




THE SATELLIT® LASER RADAR WITH IMPROVED PARAMETERS.

L S B i e 3 S e i b e e A W e ki o o e A B0 T B e o e o

P. NAVARA, Astronomical Inst. Czech. Ac. of Sciences.

SHORT PRELIMINARY INFORMATION:

The satellite laser radar with the improved technical para-
meters /compared with Interkosmos laser radars in the action
now/ will be complected on Ondre jov Obgervatory at the end of
this year. We suppose the following technical parameters / the
cross marks the reallzed instruments till now/.

TR&&SMITTER+/one 8tage ruby laser/: Faculty of Nuc. Physa. Prod.

Cutput power
Pulge length

Repstition rate

Output beam divergencs

A 100 MW
== 15 nsgeac

60 ppsec
0.5 + 1 mrad /first version/¥+
0.1 mrad /second version/

RECEIVER /Cassegrain - Mangin§/+: Astronom. Inst. Prod.

Diameter
Filter

PMT

Field of view

630 mm
HEW = 1 R T 207
RCA C 31 000 /ERMA/.
0.1 mrad /according to tests/

MOUNT /two axes/ : Skoda Plzen Prod,

Pointing accuracy
Axesa step
Jtepping moboy
Tracking

ELECTROJICS:

Time tase
IInivereal counter
Absolute timse

5 arc sec
10 arc sac
1.5 deg/atep, atep accuracy 0.5 dﬁg:ﬁ
punched tape /first step/ -} "
minicomputer /second step/

5 psec
1 nasec /aut. addaptive thr, leVal/'+
0.1 usec /?V‘coﬁparision with OMA osc{/f

. Pangs gata " programmable
i NEWIBT Lo, Manchithe dccuracy better - thet 0:5 i and tha aetisn =
paﬂiuﬂduring’tn&a@aﬂnﬁgt@prﬁ&liﬁatiw},@Qgé%ﬁm‘ 25 S
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A ROVEL CENTIMLITER ACCURACY , SUBNANOSECOND DOUBLE~PULSE
SATELLITE LASER RANGING METHOD

Matti V. Paunonen

All current laser ranging systems are using single pulses.
In this case discrimination against noise pulses is not very
effective, and therefore for reliable detection a considerable
number of return photoelectrons are needed. The use of multiple
laser pulses to discriminate against background /1/ or to get
greater accuracy or efficiency /2/ is known, but perhaps for
technical reasons not used.

The proposed ranging nmethod is based on the use of a precise
double-pulse., In the detection process two signal pulses are needed,
single or multiple photoelectrons, with known spacing, figz. 1 ,

SIGNAL

NOISE .

TRANSMITTED DOURLE-
LASER PULSE

SINGLE PIOT)-

- 4 [ ELECTRON LEVEL
T LT
- v N o TIMET T
~ RANGEVOATE
S Fig.l. Double~pulse ranging method

The advantages of thisg system are: a) Automatice discrimination of
background to a high degree. It is rare that during night time thare
. appears two noise pulses with short spacing, say 5 ns, b) Effective
received energyv is increased without having to increase the trang-
nitter power. The basic time resolution is better with two pulses
than with only one. ¢) Detection is extended to a single photo-
. electron level,

The securate double~pulse Zenération can be accomplinhed by
slicing a Q-switched pulse or isolating twn ad Jacent mode-lncked
pulses.In this proposal slicing is preferred ffor the follnwing
reasons; a) Roth Geswitching and slicin methods are well proved
b) Pulse length is easily ad justable, ¢ Relatively eanay to acecompliash
d) Pulse quality is good. e) Well-oulted for the douhle~pulse metliod,
£) The same system can be uUsed norunlly Q-switehed op sliced at will.
The shortening of tle diffraction limited w=switched pulse can be
accouplished by a fast 50 obm Pockels cell electro-optical shutter.
driven by a laser trizagered spark 2ap. A short pulse can be obtained
by pulsing the Pockela cell With~a-Shﬁrt_Vﬁfﬁépulge,'whﬁhéggmﬁﬁéJ
“double pulse formation nNeeds two tinies Va/o=voltage. There are also
three Posﬁiblﬁmggﬂxatiaé,&Oﬁﬁakwitﬁa%hiaw.Eﬁﬁﬁﬁﬁ:ﬁ@g&@;xﬁh&&@%&@iﬁ@&#ﬁ

iﬂ?ﬁ?éﬁiﬁfﬁﬁ?ﬁ?éﬁéﬁ“sf’themsateili%ﬂdhé?ﬁ?e__

iths”meQmmﬁmaii}%lyM&M&M%Pﬁmmm

blain at Teast 0,% ... 1 ns pulse widths.

The rccéiving'method is straightforward and simple. Two photo-
multiplier pulses,conprising single or multiple photoelectrons,

¥




Q~SWITCHED PULSH

SLICED PULSE

DOURBLE-PULSE

Fig.2. Operational modes of the system

separated in time by T, are needed for detection. The pulse sequence
is detected, and using a simple delay line both the pulses are
linearly multiplexed and processed e.2. in a CFD-discriminator to

take care of pulse height variations. iodern PMTs have single-
electron transit time spread about 3730 ps or less. Pogsible electironic
resolution seems to be some tens of picoseconds in a dynamic range

of 1:200. Alse modern interpolating range counters give a resolution
nf better than 120 ps. The total receiving resolution is near 3900 ps
{#)IT1) in this case. '

If o 1 ns bell-shaped pulse is supposed, the standard deviation
of the the double-pulse system might be 5 cm in a single measurement
even at minimal conditions, i.e. one photoelectron in both the sub-
pulses.

Also the use of closely rectangular pulses, say 5 ns long , is
interesting. It has been shown/3/ that the mininum-square-error
with rectanzular pulses decreases quadratically as the photoslectiron
number. Alsn the tining method is worth noticing: the optimunm
estimate for time measurement is the mean value of the first and
laat photoelectron pulse.

References:
/1/ S.Ackerman, T.S.Morrison, and R.L.I14FF: A programmed multi-
pulse range measurement system. Appl.Opt. 6(1967)32353.

/2/ I.Dar-David: Conmunication under the Poisson regime. IEER T,
Inf. Theory IT-15(1969)31. '

/3/ I.Rar-David: iiininun-pean-square error estimation af photon
pulse delay. IEEE T, Inf. Theory IT-21(1975)326.

The sauthor is with

81 AUniveralty
Raddn.Laboratory. .
SF-02150 PO Ih,




o

RELIABILITY AND LASER HAZARDS
Michael Pearlman

This scssion concentrated on the issue of aircraft
safety. The general concensus ot the attendees was that
most attention should be devoted to our interaction with
local authorities, since current laser exposure standards
for the eye are extremely conservative and, in general,
authorities appear to be overreacting to the situation.

Representatives from each group currently operating or
planning to operéte laser ranging systems were asked to
discuss their programs for aircraft safety.

Many of the groups have agreements with local agencies
for restricted air space based on location ang schedule.
Most of the groups reporting use spotters, either direct
visual or with T.V. Several groups had performed analyses
to show_the extreme remoteness of an aircraft being
struck by a laser beam.

Dr. F. Zeeman from the Netherlands described an
optical scanning system that his group is building to
detect aircraft in the vanicity of the laser beam during
both daytime and nighttime conditions. Dr. P. Morgan
from Australia discussed a precursor pulsing system using
a small laser to check the bean direction before his
lunar ranging system is fired,.

The attendees agreed that we should make literature
on eye safety readily available. Each member was
requested to send pertinent material or biographies
to Dr. M. Pearlman of the Smithsonian Astrophysical

Observatory who will distribute copies to requesting

individuals.




Piet Py TRLESOORE OF CPHE LASHI STATION AT AIMME!
M. Schilver, W. Lithy
retronomical Institute, University of Berne
, -
5

o new telesoone system for laser satellite

telemebry, wced on a biaxial horizontal

mounting, heon constructed for the

Zimmerwald rrononical observatory. The

system 1g arakterized by using the main

svirror simultancously in the receiver and

the sighting telescope. The sighting tele-

scope 1s eqguipped with a TV system desioned

to allow ob vation of objects of a magni-

tude up to
In the domain of satellite telemetry by means of laser
radar svstems optical components are use od for trang-
mitting and receiving the laser pulses, These ophical
compmonaents have to be mounted in a way to permit the
tracking of a satcllite. Up to now such RO bilities
have npot peen avallable at Zimmerwald. The efore, a new
laser telescope has been designed for this laser station.
The instrument hos been constructed at the aAgtronomical
Institote of the Uaiversity of Berne. The mechanical
Tonponents have boeen completed and the optical com~
poients, the mails mirvror and several lenses, are pre-
sent iy under construction.
The laser telescope is mounted horizentally, the two
axes being horizontal and vertical respectively. The
two anes are. Qll\vﬂ by a ste pplqo motcr each permitting

snvular rgsaiutaau oi

'}

i~ .

an

7

ald 0! two potontiometers while observing the sateliite
in rhe sighting tolescope 9:5’



s

The mounting carries the optical »d clocto cical
components of the sighting teleoso oe, the rocolver

of the laser tolemetor and thoe transmitrtor optics,

The lascr cubtput is guided to the 0 ooamit o - anptiog
{ 1:% beam cxpander § by means of udc cd
system, ‘The mechanical construc ©okh o

and sighting part of the telescope i mads o al
glued aluminium tubing and sheet metal for good
stability and light weight. A schematic viow of

the whele instrument is given in Figurs 1 .

Fig. 1. The Zimmerwald

laser trackind

telescope.

1: beam expander

: TV camera

2
3: photeomualtiplier
4: main mirvror

3 5-8: lenses

The telescope for receiving the retroreflected laseor

light is a modified Cassegrain-type instrument. The

spherical main mirror (4} has a dlameter of 52,5 centi-

317 5 E o m

lenses (5-7)
facing the main mirver has a diel -tric cooing [or

optimum refllectance at the lascr avelend!
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The resulting focal lenqgth of the systen at this
wavelength is 3 wmeters. This focal length 15 oanlarged

up to 4.5 meters with a Barlow lonse (8). Dubsegquently,

- the laser light passes a mechanical shutter, intor-
%
ference filter and Fabry lense aflter which it is do-
tected by an RCA 7265 photomultiplier (3}.
The sighting telescope views the sky in tho light
transmitted through the dielectrical mirror (5}).

Three correcting lenses {53-7}) assure good image
gquality on the cathode of the TV camera (2. The

most important advantage of the optical system des-
cribed above is the large entrance diameter of the
sighting telescope. It makes it possible te use a .
TV camera of relatively low sensitivity and therefore

low cost.

A Grundig FA 42 S camera is used in the sighting
telescope. The field of view covers an arca of

33 x 44 minutes of arc with a focal length of one
meter. The resolution is 3.2 % 105 points in the
picture plane corresponding to a bandwith of 8 mega-
cycles. The TV system is designed for observation of
objects up to a magnitude of 9.5 if the object does
not move in the picture plane. The visibility of
obijects passing the field of view in a time interval

of one second is reduced to magnitudes of about 8.

4

,,,,,,,,,,,,,,,,,,,,,,,,, We would like to thank Messrs S. Rothiisberger and
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FUTURE PLANS: A MOBILE LUNAR LASER STATION

. The University of Texas has been involved for some time in
the design of a transportable lunar laser ranging station. It
is hoped to start construction on this system in the near future
so that it may be used for validation tests in late 1977. Table
1 presents the basic specifications for this system as they are
currently envisioned. Figures 1, 2 and 3 are largely self-ex-
planatory and we present them without further comment.

E. C. Silverberg
Fort Davis, Texas
July 21, 1975




I,

V.

VI.
VIiE,

VITI,

Table 1

Basic Specifications of the University of Texas

Mobile Lunar Laser Station

Telescope

A, Aperture: 0.8 single transmitting, recciving, and
guiding aperature

B. Configuration: alt-alt, symmetric yoke or cradle
mount with fixed laser coude focus

€. VField of view: 30 arc minutes at the folded Casse-

grain guide focus and 14 arc seconds at the Coude focus

Laser
A. Type: [requency doubled, mode-locked neodymium system
B. Energy per pulse: 150 millijoules
Pulse width: approximately 200 picoseconds
. Repetition rate: 10 hert:z

F. Beam divergence: 1less than 10 times diffraction limit

‘Guiding: Computer biasing the telescope track rate via a

T. V. sensor which is offset to the edge of the moon.
Observer correction using the visual display of the image

is also available.

Detector

A. PMT: Ga-As photomultiplier

B. Spacial filter: approximately 6 arc seconds

C. Spectral filter: 3 angstrom, conventional interference
filter

Single shot uncertainty: approximately 0.7 nanoseconds
Calibration accuracy: better than 100 picoseconds

Accuracy: 3 centimeter ranging accuracy on the Apollo 15
corner reflector with less than 10 minutes of firing in

5 arc second seeing conditions.
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LENCOURAGING THE DUAL PURPOSE STATION:  AUTOMATED LUNAR GUIDING

by

E. C. Silverberg ,
Mcbonald Observatory
Fort Davis, Texas 79734

The Lageos satellite which is to be placed in orbit in 1976
will require the use of techniques which more nearly approach
lunar laser ranging than those used for the earlier low altitude
satellites. It is our contention that many of the ground sta-
tions designed for Lageos can, with minor modification, be also
capable of a program of lunar laser ranging. This note is to
encourage the development of dual purpose capability wherever
possible,.

A lunar laser ranging system will have a sufficient signal
to noise ratio, even at full moon, if the transmitted energy
exceeds approximately 50 millijoules per pulse. Since most sat-
ellite systems exceed this criterion very easily we shall con-
tinue. Our experience at McDonald Observatory indicates that
the return from the Apollo 15 corner reflector averages approx-
imately 6 photons per meter? per joule transmitted, under mod-
erately g¢ood seeing conditions, Using this empirical criteria
we can deduce that a system will have sufficient size to acquire
the Apollo 15 corner reflector if the product of its (aperture)
X (average power transmitted) x (receiver efficiency) exceeds a
certain minimum value, Including the beam divergence {8), we
get the following formula as an indication of the minimum size
laser ranging station which can successfully range the Apollo
15 lunar corner reflector,

ﬁjmz) < Plwatts) . e{%) s g3 mz-watts 4/ (arc sec)z‘
02 (arc sec) -
In other words, a 0.6 meter receiver with a 2% overall effj-
S ciency, operating in conjunction with a one watt (average power)
i transmitter, will just qualify as a potential lunar ranging sys:-
tem, if the transmitted beapn divergence is approximately 4 arc
sec,  Many future satellite ranging systems may qualify as
potential lunar ranging systems under these criteria. The one
major remaining question is whether or not the proper guiding
techniques can bhe developed to hold the narrow divergence heams
on the lunar target for a high percentage of the time. The rest
* of this short note is to preésent a mode of automatic guiding
which can make lunar rianging operationally similar to satellito
ranging and, we hope, cicourape the consideration of a number of
duﬁl.PUTPUS¢.Panging.installatians. e o oo
The techniques for guiding differ more
technical; it e i
8.

1an-in-an
AteTlite systems
done i

: B B G i s TEIty Lo recodnizc the proper
place at which to point the telescope, The satellite guiding, on
the other hand, is primarily automatic usimg precalculated posi-
tions., From an operational standpoint it is highly desirable if




the lunar guiding could be automated to the extent that extensive
personncl training is not required to locate z corner reflector
on the Tunar surface. The ideal solution would be to be able to
rely on absolute pointing. One or two arc second absolute point-
ing, however, is a very difficult engineering problem which has
not (to this investigator's knowledge) beconme routine on any
instrument of 0.5 meter size or larger. It is hoped that a sim-
pler system can be found which uses a closed loop optical feed-
back from some portion of the lunar image. Mchonald Observatory
is currently attempting to develop such a mode of operation both
for the Fort Davis installation as well as a proposed transpor-
table station.

The lunar surface is an exceedingly difficult object for
which to design any automatic guiding system. Since the char-
acteristics of any particular site change considerably from day
to day and from nDight to daylight ranging conditions, it is hard
to envision any but the most sophisticated systems using image
recognition on the surface itself. The lunar edge, on the other
hand, does have sufficient contrast to be discernable, even a
few days from new moon, and benefits further from the fact that
its simple shape can be recognized by a minimal computer program,

The geometry which we propose for an automatic guider is
shown in Figure 1, An area detector is aligned to some zero
location relative to the outgoing laser bean and then offset the
approximate distance from the corner reflector site from the edge
of the moon. The detector beam only covers about one square arc
minute of surface area such that arc sec quality resclution can
be obtained without necessitating a great deal of information
storage. At the edge of the moon the detector is automatically
positioned so that the limb bisects its area. The image is now
read intc a small computer which uses a least squares algorithm
to calculate the angle of the limb relative to the orientation
of the arrav (o). Knowing this angle, the geometry of your
instrument und. the lunar attitude at that time you can then
deduce the surface coordinates {Xi., Eta,.) for the point at
which the tangent line is parallel“to thk edge. Given the sur-
face coordinates of that point on the limb and Xi and Fta of the
target, it is then g simple matter to Calculate the relative off-
sets {Ax and Ay} which are required to place the center of field
at a corner reflector sjte,

While the hardware requirements for the scheme are relatively
simple, the calculation does require considerahle software, par-
ticularly for a small computer.  We have used a 37 x 32 array of
silicon diodes to create g Computer-readable image at the edge of
the moon. In order to simplify the software calculations we
will align the columns of the diode array to true North/South
and rotate the camera and X-Y stage at lunar rate. To date we
have completed the software for calculating Ax and Ay as a
function of X.., Eta. and 6, but have not vet checked out the

| @ithms tor measuring 0. The 3
ALCMERLEs: 1o ca]
edpe-which fiave are
CPETIITT RS WA E T Comp letely
: run within about two Yearsg in time to lead to
a truly operationally acceptable system for lunar laser ranging.

(e
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Preliminary Plan of tihe Farth Tstellite “rackin - Sintion

LY

at the Vizusawa latitude Cuservatory

Sigoturu Takari

L3
% The international latitnde Ubserviitory of
i zusawa
1. TIn consideration of the recent development of new tochnigues of .
observation in the field of eodynamics, the Mizusawa latituce Ovservatory

decided to make a plan to establish a satellite tracking station at or
near the Observatory.

Our works based on this tracking station will be ehieflly to promotie
investikations of the pole motion obinined from resulis of observation. .
independent of the astronometric method,

2.  Doppler Satellite Station.

We have started a test program of pole coordinate determination based on
the Doppler satellite observation since rebruary 1974, Ve are making-
studies on the pole motion by means of results obtained from the Doppler
satellite observations. We have two kinds of dnta , that is, pole coordi-
nates and the latitude and longitude at the Dopnler station.

A merit of Doppler satellite observations is in tha noint that we can

obtain regults of observation with accuracy of + 50 e¢m in all weather,

A new Toppler station are now wnder investipation sronsored by the Delense

4

Vapping Ageney of ‘W, 8y Ay We have an interition 16 sotils an up-to-date s
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3s  laser ganging Station,

In Japan, several Institutes and laboratories have - ‘ad the Lager
Rahging system for scientific and feodetic purnosa,

The acouracy of lLaser ranging is oxpected to be‘imﬁrﬂ"* Fo abinit 4 10 em
in the nesr future, After we attain this poal, we will be able o
develop our studies on the pole rotion with more accurate data based on
the satellite observation., It will be desireable for us to establish

8 laser ranging station near the Mizusawa Oboerva tory similtaneously

with the Doppler satellite ané astronomical observations. We have many
advices and informations on the Laser techniques fronm thg_?oqu__”

A'Asﬁrcnomicai Obéér#aﬁoxy;;.ﬁé ﬁ&#é”a fﬁture rlan of a Laser ranring station.

The laser tracking system will be almost the same with those of the Tokyo
Astrénomical Ubservatory, but we have an idea to replace Ruby laser
in the - emitter by a Nd:YAG laser,

3

4. Block Diagram of the emitter,

_ Data for Nd.Yas laser: by
AR “Wave lenpth - 0.53 rieron
second hirmonics of 1,06 micron)
Output enersy more than 200 mJ (TEMoo mode)
Pulse duration 5 na
Repeating frequency 10, pps ’ ¢

Bean divergency 0,5 mrad.
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Block Diagre
: :
Oncillavoer f?ockel Cells_i~m“ ‘jA:p1¢4;oy ) i -
%‘ HYAG lascr EQ’, switrl 16 - j\d YAS rod j CU0 T roeduced te o
Amplifier iim] . Téecond horronic s crator !
— . e .
Nd:1YAG | Rod l .67 [iot LiNiO, orye . 320~ 4605
efficicney 20~ 30 < )
-
e compared the returned signal from GEOS~C for emitters with Ruby-laser and
NA:YAG laser by the foumulae given in H. U, Plotkin's TADer,
o Pz"é’ré’,’e}\z? LS
(4133 RA~ Ruby laser Hd:YAG Laser
‘ - DB Valuve khitS Valpe
PT Power Transmitted G. 1 - 5,2 G.32J
. GT Transmitt er Gain 8l.1 @, = leGnd
GR Receiver Gain ' 127,1 DR“ O.5m o .
o -123,2 A= L6943 -130,7 A m 53
¥ Radar Cross Section

-y A 82.5 D.= 3.5 cm
TN NCH 270

(1/4n)° ~33,0 .
1/R% Range -238.7 R=9.27x10° m

Ly System Losses -11.1 Po=T.8¢ , ) '
Sy, Received Signal ~115.3 2.95x10" % L1208 5,2551071%;

N_Q-:: .:S\.E

- % Teentum Efficicncy = 17,0 Sl 200 o0
(7 Proton ®

X, G EOS-C Array =~ 0,05 N,
)

« § laser Technolory

i
i
i
i
i
H
i

The above data are taken from the paper "Plotkin, I

for Hi{’;h PFJ‘CISION Satellite TZ‘&Ckinﬁ.‘. Proc. Svemomivm ar  avdhla Paeeeddnd &men



LASER-RANGING AT THE SATELLITE ORSERVATION STATION IN
WETTZELL /BRD/

Peter Wilson, Hermann Sceqger, Klemens Nottarp

1. The current svystem

The unit currently operating in Wettzell /fig. 1/ was de-
veloped originally by the "Institut fiir Flugfiihrung" at
the "Deutsche Forschungs— und Versuchsanstalt fir Luft-
und Raumfahrt" in Braunschweig. It incorporates certain
components, such as the interface to the station timing
system and the device for switching between giant pulse

. and relaxed mode coperation, which were designed, built
and supplied by the IfAG. First trials of the system
occurred in the autuwnn of 1972 and first returns were
obtained in April 1973. Since September 1972 the equip-
ment has undergone major modification. The laser has been
~largely -recenstructed, -the power unit improved and new’
Galileian transmitting optics have been substituted for
the original Cassegrain system. Furthermore, the tele-
scope provided to perform the manual tracking has been
replaced by a more effective combination comprising a
larger field scan-telescope and a high~power small-field
tracking unit. The cooling-system of the laser has been

redesianed.

The main c¢haracteristics of the equipment as it is now

in use have been summarized in the following table:

Laser energy /maximal/ 7 J
Half-energy impulse width 30 nsec
Impulse power /maximal/ ; 240 MW
Repetition rate ;1~ 0,14 Hz
Natural divergence of hean 5 mrad
Effective divergence of beam . ... . . .. l.mrad -
Receiver objéétiQé"w ””'“w””"” ;Ll” 30

Tracking telescope field, resolution 3
Gating ) < 1 msec
PMT "Philips 56 TVP




At BTen o e
Fren iamay : o
T Fordail St L AT i ! SO D e Do

§ Phiving e
- t.
] Chab, e

B IR |

",
AR FEY 0Ty e

{10 HISEN

1
L@) g ~!(_ Y -m‘n;"’f J Cengiia o, !
- i L3 fiw E% o

A

o e e

- \
\PL“ES{: DT Ry o, “J._,-—.w%‘ T e

i uj

5 L | oAmacscr Tl PRA preciss |

P Tl e

. r Fowe
e T

-1 Bivinoa

_wvep | P
—1 RARGE COugR |
€ “-“ f"’i‘; ;"‘5&(\,!'14\{ -

C. "‘5{2\’\d,satx
LA TR m T S } o
A CPeSH B Tiow

3
o o \»
U:w; --~—-—~l\-ﬁ_“ﬂ } T

HiGh <poen ouds
{VELL'\“L ('i!["{}(;y

WM__W_._M.._.»_._.,
N

H

i T

‘ T‘Q; L\E < . i..‘i"
RIS ¥ s i gt 1
1o h?«} By g
INVC e vace. e b s

g e o s

RANGE G AT G- o

T ONGITS o] ; R —
~~~~~ e b

T evep EHciper gppy

;‘lﬁwii}!i\- :
PP Contme g b i (T R PR
S rag - j { N ‘ Eha b G

LASER i

PRIV Cownrg
{ TEVET & LA ]

F I R L,—* et A ~ L D K
i‘.finw]"if\] ﬁ )

e S S

|';, ATiown
:a\( DAL

oot .



(1)

INNOW
TYaW! 9 Icﬁaﬂw<;xsxsa‘
4IAO NOILVATTI

YoMy
@ INYNL 30009

SOINOY10TT3 w
yINDI ,;;;::;;th<a “<U_Hmo
34075313
NETNERER 3d00sTTL
mwc;gmzqmw




1L AY1dSid
dIWANYHATY

LIND

TOYINOD I

d3INNOD
FONVY

130v443IN]
d31NdW0d

l

I3 ¥3COIN3
JINOY 10313

/ Wﬂ%&s i

i
;

T~
PR

R T S T

i |

CEEE

. . i

R At o Y ;

T T T iy

ST R e e
sl e

e, v o e wacoa |

[ e s
N .4

LB A e e S
et Bt s bbb |

NOJ INNOW

A

e
e

%

i

SRAREEBE SR @%% R ARTR

(1

i

!

|

Jsid

HONNd/40Y3Y
1dvL 43




Fo

Talie

2. The System Lo be installed in 1976

Peuk Fower Outpul.

Energy Gutput

Output Stability:
Pulsewidih:

Repetition Rate:

Beam Oivergence:
{Full width containing
= 90% of the energy)

Spectrai Lingwidth:
Spectral Ling Stallity:
Spectral Ling Positien:

Physicat Characteristics:

Operational Parameters:

Equipment Operation Mode:

Environmental Canditinng:

Primary Power:

125 0 109 watts st sporeximately 0,53 pim or 3.0 x 168 saus at sppronimately 1084 pn

0.25 jaules par pulse at appreximatedy 053 um or 0.5 jouie per pulse a1
appraximateiy 1064 um

1hey
Less than 0.7 sanoseconds

Up to 3 pulses par second external or internat comumand, and at least 1 puiss per second by
manual controf

Not greater than 16 times the diffrzcton limit from the foal amplifier assembly,

Less than 0.2 A

Betier then §A

Hepeatable 1o betivr than 1A trom ene gperations cycis 10 another

The tollowing nomingt dimengiens apply:

1. Laser Transmitter — 1.23 ineters Ieg x 63 cn: wids ¥ 30 cm high

2. Power Supply — Seif-contained cabinet 1.6 mearers hogh « 60 e wide x B0 cm deep
3. Couling Syster — Cabinet mounted 1.5 meters high x 63 cm wide « 80 eim deep

1. Operational Cycte Time ~ No intiinsic #imit

2. Operational Life Time — Greater thae 2 x 108 fratses for ail components

Remote or local operation
2. Cooter focated up to 7.5 meters from faser snd puwer supply

Control Console — Cantrol console has six switchad functions including: powser on/oif,

start {standby) charge, aute/manuel fie contral manudt bire, and emergency stop. i
addition, provisians are mads for modedocked frequency sdjustment, high-voliage adjustisent
atsdd trigger voltage adjustment

4. Elfctromegnetic inferfsrence corti ol fetuirements, us par proeciphes outlined iy
1.4 Government Stasctards

Y, Operating: Alttude ~ 4 2 ki
Humidity — 0 43% relative
Tomparatute - 407 ta +1257F
2. Starage and Shipment: Altitude — -12.2 km
Hursidity - 354 relativee

Temperature — 307 1o + 150°F

Less than 8 kVa, 240/380V, 50 H,, 4 pole, §wire, wyi cannected

r

ded



SYSTEM/SUBSYSTEM SI’E('{IFIC ATTONS

The following is g summary of SLRS system and subsystem performance gpecifi-
cations, Ceneral specifications relate to system performance, operating enviromments,

and facility requirements, The other specificiations refer to specific subsystems,

General
Range Limit - 356 Km to 36, 000 Km
Range Accuracy ‘ - Better than 10 ¢m
. Range Resolution - Batiér than 2 em
Data Rate - 0.5 to 5.0 PPS
Operational Time - 24 hours per day cxcept during

inclement weather

Environment

Temperature ~ +187¢C to +23%¢ o
| Mount ~--IOOC to +50°C
Humidity - 0 to 499 I
Mount 0 to 1007

Altitude - 0 - 14,060 fi.
Operating staff - 2 operators
Input Power - Either 220V 60 iz

or 3¢, 16 kW Max.

380V 50 He

Absolute Pointing Ageuracy - +3 are seconds
Pointing and T'racking - Compuater Controlied
Site Facilities Required - Conerete pad for mount/laser support

- Pre-surveyed tervestrial targets for range
offset ealibration aud mount ievel )

correction,




Conileuration - Elevition over gzimuth

Transmitler System - Laser stationary - two axes Couds, dust-{ree
path of transmilter
C om0 . o -
Ranve of Teavel - F2707 io azimuthy #1040 about zenilh in
bl — —
elevation
Tracking - Continuous, under compute r control, from
= L s

elevation anples of 1o dewrees to within
2 degrees of zenith

Tracking Riates {n plane ~ From siderenl to 1" per second
of orbit
Orthogonality - #1 arc second
. Wohble -~ 1 are second
Argular Accuraey -~ Optical encoders with 1% Bit {2 microradians)

absolute acenracy snd 20 Lit (6 microradians)
resolution
Transmitiing Gptios

IS

e PP RIS i

Location o - Elovation Axis.

Type - Gulilean

Effective Beam Divergence - o0 microradiany to T milliradian vormed

Divergence Control - Motlor driven, computer cont roliea, to
correspond o desired divergence

Dinmeter of Exit Beam : - 160 mm

AMagnification - 10X

Alignment - Within 5 microradians of reference jine
of sight

Aligoment Stability -~ ’Less than 107 of diverpence

Optical Damage Criteris - 2 (i‘»,-"Jf/(.:m‘"'i mu Ht input

Optical Coating - L0% per surince maximum loss

Type - Casseprain

Diametor = 0.6 meter (24 inches)

Effective Foenl Length - 440 cm

Focus .o CFixed, temperstuic conipénsafed cver.

~4000 to +5400

o f%?r;;
8 L ]




o Umties {continied)

=in Protection Shutter - Mechnnical shutter protects PAVE photoeathode
when sun within 2 degrees of (uu ieal nses

Alipament - Within 15 microradian of transmitter line of
sight

. . 0 ,ws)&

spectiral Filter Bandpass = Available bandpiss between 104 and 257 )

tem perdature stabilized

Attenualion Control -~ Optieal attenustion of rdeeived ui“‘n-'zi; con-
tinnously varinble from 4 to 10 i, computer
controlled,

Tynpe - Nd CAG - Frequeney Doubled, sinele trans-
. versae inode
. Operation -~ Mode Locked/Cavity Trimped

Energy - 0, 25 Joule

Half-Encrgy- Pulse- Widih = 200 picosecond nominal

Pulse Repetition Rate - 0.5 to 5,0 PPs

Speetral OCutpat : : T 0. 532 umieter

Wavelength Stabilization - Not required

Dust and Humidily Protection - Closed compartimeont around laser pressurined
with filtered, debumidified air or inert TEER

Hecelving Flectronies
Dereetor

Type - Static Crossed Field Phatomultiidier

Quantum Efficiency - 10% @ 0,532 . metor

Rise Time - 140 picoseconin

Photosar{ace - b 24

Refrigewuion - Kol required

Range Gate - Compuler conbralled pate widlh und e
centering about refurn pulse

Start Pulse Defector - Common with receiver detoetor; fiher opties
pick off transmitted puises leadive odpe
threshobd déleetjon

Epoch Sipmad o = Colneident with staet signal

CThreshold Doeteetion

1(‘3&‘1“ miuv rirh g tmn thrt“‘}

4-3



Gudunee and Hutn Processing

Time Interval Counter - 100 p=ce
Resolution

Fie Standard (Stafion Clocky - Rubidium {requency standard

Resolution - Timing - + 10 psee
et e . 10 . S .
Stability of Clock - LOx10 77/10 msee (5 MHz Ref. ¥ reguency)
bata Flow Rate - Max, - 9 measurements/second {(epoch, travel time,
range)
Information Storage Medium - Magnetie Tape ~ Pormanent Storage
2 2 i 1

- Magnetic Disc - Temporary Storage

b

Output \ -~ Alphanumeric ’I"érmimzl_
Computer Memory - 16 K words

Mangetic Tape Type - S-channel B standard

Paper Tape Reader - a-chanuel ~ for program loading
Programming Language - Fortran

System Control - Operator conirol three svaiem conirol unit
and alphancmeric ferminal . _

Computer [nterface - Throuzh computer interface unii and
alphanumeric terminal,

svatem Contrel Unit

The contrels, meters, and indicators of the system Control Unit are listed below,

Refor to Figure 10,

Lontrols (Manual or Computer Control Selectable from Front Punel)
Attenuation, Receiver Opticul INC/DEC INC/DEC
Filoetd-of- View INC/DEC IR/
Piverponee INC/DEC INC/DEC
sStart Threshold Level INC/DiC INC/DEC
Stop Threshold Level INC/DEC - INC/DEC

Time Slew (Acquisition) No  Yes
Open/Close Sun Shulter No Yes
Track Mode Controls No o Yes
Laser Made Controts 'No ' - Yes

N ded



sl Motors

Biverpence, mitliradians
Field-ol-View, millirudians
Altenuation, i
Traosmiticd Power, GW
Received Power, dn

start Threshold, mv

Stop Threshold, mv

indicuators

start Pufse Light

Stop Pulse Light

Palse Alarm Light

Sun Presence Light

High Buackeground Light
duystiek

S Manual Aeunt Position/Veleeity Control

Computer Interface Tnit (Refer to Figure 10j

- Handles all interfaces between systerm control, encoders, interval counter,
computer, peripherals, and time (fregueney) standard

- Controls data flow

- Displays encoder angles in binary

= Coutrois display of Alphanumcric Terminal (see Ficure 11).

software Contral

Initialization Mode
- Caleulation of Ephomeries
-~ Optical Conlrels

- Field of View

Divergence

Start/Stop Thresholds

¥

- Atlenuation Control

o daitial Mount Posilioning

4~5




Software Contrel (conlinucd)

Site Calibration - Leveling, Star Tracking

Injtinlization Displays

Execute Mode

Initiation of Tracking

Epoch Pointing

Epoch Data Collection

Epoch Data Recording

Non-Epoch Mount Control

General Laser Control and Firing
Dynamic CRT Di s‘play

Timing Control

Processing Mode

1

t

Tape Handling Routines
Data Location on Tapes
Data Analysis

Data Display

Pl aj—'back Alode

Mission Data Playback

Utility Programs

-

Encoder Test
Locop Checks

Optical Gain System Tests

Pseudo Pointing




Workshep on Lazser Tracking Instrumentotion,Prague,August 1875

THE FINNISH-SWEDISH LASER PROJECT

3. Johansson, M. Paunonen, A, Sharmn

The Finnish Geodetic Institute and Helsinki University of
Technology hnuve since 1971 collaborsted on the project Lo consi: ot
a sotellite laser rangefinder. In 1973 the Owedish Geographical
Survey Office Jjoined the project. The satellite laser is expected
to be operational in 197% end will be used alternately in Finland
and Sweden.

Design parameters of the systen are:
- Ruby laser,wavelength 694,3 nm
- Pulpe energy l...2 J
~ Pulse lengih 5 ns, nearly rectansular
- Pulse repetition rate at least 6 per minute
~ Transmitter beamwidth 0,5 ... 5 mrad
- Receiving telescope 0,6 n parabolic mirror, f.1l. 1,75 m
- Filter bandwidth 2 nm
~ Pointing accuracy 0,3 mrad
= OQutput data in digital form,displayved and recorded
The transmitier is based on a Pockels cell Q-switched ruby
laser configuration followed by pulse slicing and asmplifier stages.
The oscillator ruby is 100 x 10 mm, select quality, flat/flat cv*,
AR-conated and cooled by'deionized water. The helical flash lamp
is energised by a maximum of 5 kJ. The oscillator yields a 27 ns
pulse of at least 0,7 J when Q-switched and is expected to yield
0,2 J when clipped to 5 ns. Slicing circuit and amplifier are unier
construction.

The receiver consists of an astronomical telescope with a para-
boliec mirror and an RCA 31034 photomultiplier installed at the

iiladddal _
U ET R U PRI O RGP YT SR R iR T e e i i P AR R 3
The aptical input to the PMT is shuttered to improve average

anode current capability, as well as eliminate backscatter. The
shutter has a minimum opening delay of 1,% ma and openin rise tine



of less than 39 pF introduced by o BISPET amplifier and the DPLT
iteelf, and an introduced leskuage resistnnce of gbout 1 Malmm,

The omplifier thus behaves ss an intesrat- - and using a half-nny
time interval counter, centroid detection is ean rentinlly achieved,
This methed provides o larger sisnal voliage, and relative desisn
simplicity.

Timing is based on a llewlett-Puckn © guartz eloek syoten
synchronised to the Universal Time Scnle (UTC) using a LORAN phiase
locked freguency compsrison receiver. The pulse propazation time
will be measured using a Q0,1 ns decuracy counter (NANOFAST, Inc,
model 536 B),equipped with /2 half-max detection unit

Control logiec anid the data processing svstem has been canstruct
and tested. Pointing of the telencope is Ly means of twn steppar
motors. Calibration of the direction is by means of pointing the
te]eSCOpe towards a kn04n star and progromming the coordinates of

‘the star into the 1oyic. Steps of each motor are then counted and

thus, because of the equatorial mount, the actual direction is
always known, The motors are stopped, when this direction is equnl
to the required direction set sutomatically or by thumt wheels.

Alr temperature,aif pressure and relative humidity are measured sin
taneously with the fire pulse. The weather data, firing time, pulse
propagation time and direction coordinates are punched on a paper
tape for further treatment., The outgoing and return laser pulses
will be digitized by a Tektronix transient digitizer tyvpe 1 7“1c,
and the matrix information will be recorded »n a cassette recorqder
for further processing.

The satellite laser rangefinder described will be situated in
Finland at the Kirkkonummi Ubservatory of the Finnish Ueodetic
Institute. Tield test measurements will be initiated there next
Septenber.




Session 2: System Errors 12 August AM

Chairman : C.O.Alley

I.Introduction

The interest in laser ranging is based on the wide
bandwidth of laser amplifiers which allows a very short
pulse of ra&iatieﬂ whose round trip time to a target can
be measured with high precission and accuracy.Ancther *
product of quantum electronics research,the atomic clock,
provides a time base for world wide distribution of epoch
of sufficient accuracy(ius to 5 us)for the most demanding
geophvsical application-ranging to artificial earth satelii—
tes. In contrast, ranging to the moon requires less accurate
knowledge of epoch since the velocity of the moon is less.
However, the time base needed for the range time interval
meast:rowent needs a better fractional stability for moon
than f<i the artificial satellite,since the 2.5 sec range
time 1s much longer,For Loth, the stability of a good crystal
oscillator is sufficient, For 0,1 ns timing AL/EsAT/ T ~

4 x 1071 over 2.5 sec is needed for the moon .

A schematic diagram of a ranging system is shown below:

tl - time of emission av t tl t

time of

-ty - time of reception. . - . . CTZT rEfloction

((ti% L ' =Iél;L - ¢ 30 em/ns in free space



The basic problem is to derive as accurately as possible

the time of the laser pulses in the given time base

_—~degraded and sproad

by target and detector

A Al

L1 13
This requires a light detector with fast response and low
jitter,a method of deriving a time signal from some characte-
ristic ¢ the pulse-eq.leading edge amplitude discriminator,
Zere crossing discriminator,constant fraction discriminator
or centroid determination or swept tube.The difference betweaen
the derived signal for the times t1 and t3 must be related
to the time base by_a_counter,augumenteduin the most agcurate
systews by a vernier to go beyond the 1 ns limit of present
counter resolution,perhaps time to pulse height conversion
or a dual slope integrator.The entire system must be carefully
calii.-..ted and the célibration monitored for changes in delays
and wtherparameters with temperature and other environmental
conditions.

The velocity éf light in affected by the athmosphere,
but it seems likely that the delay can be determined to <1 cm
equivalent range by monitoring local barometric pPressure and

using an algorithm of Helen Hopfield.This needs to be verified

by two-~color range measurements which are different due to

with a streak tube.

The following table may be useful in summarizing system

errors. @



‘receliver allows 1 microsecond accuracy from the tra

speciiie (et 01

Ao Haltimode Lanors

Pearlman (540) discudsed timing probiams associated witn

mual timode losers.,  Phe radlation iz ecmitited into different an;

at differcnt times, See SAU report.

Hamsdern (Hull) pointed out ihe case of generating
Single mode radiation,

B, Atmosvoherie belay Corrections

Welffenbaeh (540) discussed the atm sbheric delay
correction of Hopfield using local barometric pressure,
It seems to work well but needs two-color verification,
rroblems are assoclated with winds and norizontal gradients
in weather condidions when laserp ranging stations do not
noermnally operate,

C '

+o Bistribution of Epoch

Horgan (Australia) discussed problems of epock
distribution. The Timation ITT satellite will allow _
distrivutiorn in the future to 20 ns, Now a $14,000°

satellites, LORAN-C is maintained to 7.5 microsecond
with respect to the U.5. Naval Observatory clocks,
VLF reception plus occasoinal elock trips will allow
epoch to be maintained to © microsecconds. The Omega
Sysiem is good to 5 microseconds,

b. Calibrutiomlgi sSystems

1. Peariman discussed the procedure of SA0. SO
SAO report,

<o Silverberg deseribed the procedure used for :
lunar ranging with short ( # m) path on ench zhot
with atienuation to give the same signal an
a lunar return. Statisties give the outsoln:s
pulse shape, The calibration iz extended to
lunar range times with a diode light pulger,

3. Veret (ONERA) discussed a method of rotating
the beam splitter 90 degrees 1o nllow calibration
of start and stop detectors with the samd
strength pulses, and without mgaguring.the-déqtancﬁ
Cto the target, oo T L TEE e bR

“. The calibration pricedure for the Goddard
Space Plight Centep stations can bo found in
the paper by MeGunigal, et, al,, in those

proceedings, (z’f”ﬁX
124
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Swanary of Scosion 4t Pulse Detection and Procesaling

Detectorn: An ideal detection system employing the qualie

ties of roog cfficiency, low timing jitter, high gain

and capoble of a kigh count rate is difficult to realige.
Some of the new photomul tinliers are good in rany categories
but fail in octhers. The RCA 31024, ror instance, hag
excellont cllicicney but reguires care in operation due 4o
stringent limitatinns on the averasz current. Crossed

field tubcs are available which have excellent timing
characteristics but are quite costly. Future work can

be expected in the areas of channel plate photomultipliers
and streak fube systens,

Pulse Procossineg: The length of hany current laser pulses

favors some degroe. of ulse processing over simple edee
. i - o 8 L

detection or constant Ifraction digcriminators. Pulss

44]

digitizing techniques useéd at SAQ and HASA have proved
quite successiul, Analog techniques have been modeled in
C35R to evaluate their usefulness., Processing techniques
to handie the wide dynamic range and variable shape of the
return pulse “ppear, at present,to be limited by wave
front distorticns fron the laser tr: smitter,

Liminz: A numbep o timing systems, both for satellite
and lunar work, are in operation or underp construction
employin~ the time-domain str aching technique., Single
and multiple step devices have bheen developed with

accuracy capability well below 1 nanosecond,
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Hajor Contributors to Sesgion 41

D, G, Curric

“Suchanovsici j

J. Gaignebet

M. Pearlman

M. Vrbova

Veret

”Biilifié'”'

Hirsl

o
i3
~expanding technigue

Deseription of the streak-camera Liming
system and description of a multistop
epoch timing systen

Discussion of the Soviet experience with
photomultiplier gquantum enhancement tech-
nigues

Degeription of the CHES svsten for reducing
the effects of sky background

Discussion of the U.S. experience with
pulse digitizing systems

Computer simulation of analog pulse cen-
troid correction procedures

Description of the channel piate photo-
muitiplier {ube

Discussion of the measurenents of laser
wvave front distortion

Interikosmos timin system using the time

«Bubmitted 13 Aug.
E, C, Silverberg




4= Phe

SEOLTON 6, SATHLLITES 14 ORBIY - PREDICPIONS

F. Noug.l

Hatellites
Among the satellites in orbit or planned, we found:
= the old satellites
BEACON B and C; GEOS A and By DI C and Dy PLOLE
2 =~ the noew generation, for which sophisticated design
were made in order to
i/ yget better response from the satellite through
all the pass
i1/ minimize non gravitationnal forces acting on
the sat. and make them as constant as pugsible
D55 - STARLETTE - GEOS C - TIMATION IIT
5 - The "near future" satellites
LAGEOS - AUOS-Z - TIMATION IV
R1} Ut'h&é‘rs“ PR
=~ SHINY BALL with no Laser cornor cubes
- Laser Reflectors on the moon.
SOME CHARACTERISTICS - which were pointed out during
the session
GHOS ITT
Tracking down to 15° due to sloped mounting of the
reflectorg -
e = 0
1159
altitude 850 km

i

i

It has a C02 corner cube
STARLETTE
= purpose of gravity studies
= Very small Area/Mass ratio
- b0 corners cubes - AL least b Of Lhem are visible
-iﬂ~mﬁy~éunfiguratiﬂn”"”'“‘ =

< mroonns

e o ey 000k

e

g b Uade



- Altitude 5900 kn
= inclination 110°
T weight 400 kg
= sphere of 60 em diameter
= 440 corner cubes of 3.8 com aperture
one C02 corner cube

Launch planned for March 74 and magnitude will be 12.

AUOS5~7
Launch: end of 74
13 corners cubes.
They are »ut on a satellite which is part of the
Interkosmos pProject and the primary mission of which
is cosmic ray studies.,
altitude 500 km on a circular orbit

. inclination 839, .

.TIMATION I11
altitude 14000 km On a circular orbit
inclination 115°
Magnitude is going freom 11 to 14 depending on altitude.
GSFC had succeésful laser echos on it.

D5B Satellite equipped with a icro-accelerometer to
study atmosphere density
= 30°
Perigdéde 200 km
apogde 1100 km

LUNAR REFLECTORS
Appolo 11-14-15 caracteri:d by &
Lunarod was Mentioned.

SHINY BALL

i

50 kmz/strd.

It has no corner cube but expected returns of

5 photos us ing 1 g laser AT metor ta i@scope ‘
2

500 nautical miles,

/éZSFﬁ



IZ7. Predictions

1/ 8A0 made a report on how predictions are computed.

2/

They provide currently ephemeris on GEOS A - B - ¢ -
-~ BEC and STARLETTE,

It was interesting to hear that for STARLETTE,
predictions over a pericd of one or even two months
could be possible. This suggests that the earth
model is known encough, but non gravitational forces
limited computations so far. The same remark applies
to the Drag free satellite TRIAD,

Lunar predictions are sent to the station on a

daily basis on a polynomial form. JPL can pro-

vide them,




FUTURE SYSTIMS

bDouglas Currie

During this session we wish to consider an overall view
of the future possibilities of the tracking of satellites
by lasers. We now' wish to gather data to determine the
future capabilities and to evaluate questions of future.
Thus we wish to provide a framework to permit a detailed
coﬁparative discussion.
bDetailed discussion and value judgements should be reserved
for the programmatic and the open discussion period. This
later discussion may then provide data for future planning
of the various groups. A large amount of the information
on future systems has already been discussed.
Four areas which we shall consider are:
I FUTURE TECHNIQUES
II  FUTURE STATIONS -
III. SATELLiTES; CURRENT AND FUTURE
v NETWORKS, CURRENT AND FUTURE

I. FUTURE TECHNIQUES

In this section we shall receive those technical areas

which shall be of critical importance over the next few
years. We hope to concentrate on the parameters and
techniques which are most important in meeting the basic
program goals and leave for another time those technigues
which are important in order to reduce cost, increase
convenience, or increase reliability.
A. RANGE ACCURACY

There are several sub~systems which are most

critical in order te improve range accuracy.

These are: o

l. The Laser System
- To improve the lager performance as re=-
lated to in the range accu
mportant paiRtE Arer
B ST (e S R= e sty T B o o
b. Improvement in centroid determination
"of long pulses
[31)




c. Develop methods to obtain short
pulses from the laser system by:
i. active mode locking
1i. pulse slicing or chopping
iii. passive mode locking
« 2. The Photodetection System
The various procedure to improve the
detection timing are:
a. Photomultipliers
i. conventicnal multipliers may
be used in a better fashion
- to obtain their full capability
i of a rum.s., jitter of 0.1 to
0.25 naﬁoseconds.
iil. Channeltrons and channel plate
tubes appear to have a perfsrm
‘mance which may be better than
the conventional photomultiplier,
b. Crossed~field photomultiplier
These devices, when combined with
a wideband width, low-noise pre=
amplifier may yield time resolution
at the 0.1 nanosecond level.
C. Streak tube
These detectors, which are currently
used in laser fusion work, will glve
@ time resolution, for single photo
electrons or for a many photoelectron
pulse of 0.001 to 0.0l nanosecond.
This accuracy seems of interest only
for two color systems which reqguire

4 range accuracy better than two

~centimeters,

an r.m.s. width of 0.04 nanosecond has
already been described in the literature
and has been used in field operations so

(53)



will not be considered further.
4. Epocch Determination
Equipment /1/ necessary to perform this
function is available and has been
described in the literature.
B. IMPROVED DETECTION THRESHOLD
1. Laser system
Improvements in the laser system will bhe of
interest in the area of:
a. higher average power
b. continucus-wave laser systems
2. Receiver Apertures
In additionto normal receiving apertures, there
are several new techniques which may provide
significantly larger receiving apertures.
a. Multi-aperture receivers
These are current&y being built in France
and USA
b. Large metal mirrors
These are currently being built in Japan.
3. Reduced Beam Divergence
a. Orbit predetection
Better orbit predetections are reguired
but seems to be available
b. Tracking
i. fmproved mounts
ii. auto tracking techniques on sunlit
satellite or on laser returns
iii. absolute providing capability at
the arc second level,

IT. FUTURE STATIONS

Discussion of new stations by varlous workers has been
oo given. The details of theése. discussions- appaar in other’
.Sections of thls W rkshe




B. Orrora Valley Station /Australia/
by Peter Morgan

C. Dodaria Station /Japan/
by T. Atsushi

D. Crimea Station /USSR/
by A.M. Suchanovskij

E. Greenbelt Station /USA/
by C.0.Alley

F., Netherlands Station
by -F.W. Zeeman

G. Cagliari Station /Italy/
by L. Cugusi

H, LURE Mobile Station /USA/ s
by E.C. Silverberg

I. French Station
by Claude Veret

Jv German Station o

by Peter Wilson

IIT. SATELLI?ES CURRENT AND FUTURE

Some of the current and future satellites are discussed.
The parameters define the problems with satellites on which
staticns are expected to range in the near future.

The relative return is the relative signal level when

the laser energy and beam divergence of the stations are
held fixed,

IV. NETWORKS, CURRENT AND FUTURE

In this section, we consider the networks of laser

trackine stations.

In total, there are now 1l orbital satellite tracking
stations which enter data in the SAO prediction program,

- Inteércosmos stations and the Lunar stations, thare are

g the




Satellite

Relative Visual

Name Return Magnitude
High Return

BE~B 2.9 Bright

BE~C 4.6 Bright

GEOS ~ A,C 4.0 Bright

GEOS B 18.0 Bright

AUOS-Z 1300.0 Bright
Medium Return

STARLETTE 800x10™° 11

LAGEOS 9%x10"3 12

TIMATION 3x1073 11-14
Low Return o

A ll 2. 4x1078 -~

A 14 2. 43108 -

A 15 5x10°° -

L1 6x1078 -

L 2 6x10"8 -

SHINY BALL 100x10™8 -

Tracking Orbit

Rate

Fast
Fast
Past
Fast

Fast

Fast
Medium

Medium

Slow
Slow
Slow
Slow

Slow

Fast

Stability

Fair
Fair
Fair
Fair

Fair

Fair
Good

Good

Excellent
BExcellent
Excellent
Excellent
Excellent

Falr
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